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Abstract Multiple sclerosis (MS) is a possible cause of
secondary osteoporosis. In this phase II trial we assessed
whether a weekly dose of 20,000 IU vitamin D3 prevents
bone loss in ambulatory persons with MS age 18–50 years.
ClinicalTrials.gov ID NCT00785473. All patients managed
at the University Hospital of North Norway who fulfilled
the main inclusion criteria were invited to participate in this
double-blinded trial. Participants were randomised to
receive 20,000 IU vitamin D3 or placebo once a week and
500 mg calcium daily for 96 weeks. The primary outcome
was the effect of the intervention on percentage change in
bone mineral density (BMD) at the hip, the spine, and the
ultradistal radius over the study period. Of 71 participants
randomised, 68 completed. Mean serum 25-hydroxyvitamin
D [25(OH)D] levels in the intervention group increased
from 55 nmol/L at baseline to 123 nmol/L at week 96. After
96 weeks, percentage change in BMD did not differ
between groups at any site. BMD decreased at the hip, by
1.4% in the placebo group (95% CI -2.3 to -0.4, SD 2.7,
p = 0.006) and by 0.7% in the treatment group (-1.6 to 0.2,
2.7, p = 0.118), difference 0.7% (-1.9 to 0.7, p = 0.332).
Findings were not altered by adjustment for sex or serum
25(OH)D. Supplementation with 20,000 IU vitamin D3 a
week did not prevent bone loss in this small population.
Larger studies are warranted to assess the effect of vitamin
D on bone health in persons with MS.
Keywords Multiple sclerosis  Clinical trials randomised
controlled (CONSORT agreement)  Osteoporosis 
Bone mineral density  25-Hydroxyvitamin D
Introduction
Multiple sclerosis (MS), a neuroinflammatory disease, is a
possible cause of secondary osteoporosis [17]. In persons
with MS, low bone mineral density (BMD) is more pre-
valent when compared with controls [10, 27, 37, 38] and
with reference databases [26, 35, 39].
In individuals, BMD is primarily determined by genetic
and hormonal factors, BMI, physical activity, and intake of
calcium and vitamin D [22, 29]. Peak bone mass is attained
in the third decade of life. Age-related bone loss starts
around the age of 40 in both men and women, accelerating
around menopause in women [29]. Low bone mass may
result from either inadequate peak bone mass acquisition,
bone loss, or a combination of these.
In persons with MS, several studies have shown that
BMD decreases as disability increasingly limits physical
activity [10, 26, 27, 38, 39]. Baseline data from this study
showed that one out of four participants had lower than
expected BMD for sex and age [35].
The optimal serum 25-hydroxyvitamin D [25(OH)D]
value for bone health is not known, but many scientists and
clinicians recommend maintaining 25(OH)D levels of at
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least 75 nmol/L [4, 12, 24]. This is also the level of optimal
intestinal absorption of calcium and the level at which
serum parathyroid hormone levels are not further sup-
pressed by increasing vitamin D intake [19].
Most studies in persons with MS have reported mean
serum levels of vitamin D between 50 and 65 nmol/L [20].
Low vitamin D levels may contribute to poor bone health,
even before disability limits physical activity. If it proves
true that vitamin D has a role in MS aetiology and patho-
genesis, a shared pathway in the pathogenesis of MS and
osteoporosis is conceivable [1, 20]. In this phase II clinical
trial, we aimed to assess whether a weekly dose of
20,000 IU vitamin D3 prevents bone loss in fully ambula-
tory persons with MS age 18–50 years.
Methods
Trial design
This was a single centre, balanced randomised, double-
blinded, placebo-controlled, parallel-group, 96 week study
following a pre-defined protocol. The study was conducted
at the Department of Neurology, University Hospital of
North Norway, the only neurology service in Troms and
Finnmark, the northernmost counties of Norway. The study
was approved by the Regional Committee for Medical and
Health Research Ethics. All participants provided written
informed consent. The trial was registered in Clinical-
Trials.gov (ID NCT00785473).
Participants
Patients were eligible for inclusion if they were
18–50 years of age with clinical definite MS according to
McDonald criteria and an Expanded Disability Status Scale
(EDSS) score B4.5 [21, 23]. Exclusion criteria were:
inability to walk 500 m or more; history of conditions or
diseases affecting bone; pregnancy or lactating during the
past 6 months; use of bone-active medications other than
intravenous methylprednisolone for treatment of relapses;
a history of nephrolithiasis during the previous 5 years;
menopause defined by not having regular menstruation;
unwillingness to use appropriate contraception. A preg-
nancy test (HCG in serum) was performed in all female
participants at screening. The flow of participants through
the study is shown in Fig. 1.
Randomisation
A statistician at the Clinical Research Centre, who was not
otherwise involved in the study, performed the randomi-
sation by blocks of six, stratified by sex, with a concealed,
computer-generated randomisation procedure. An identifi-
cation number and a randomisation number were created
for each participant. All study personnel and participants
were blinded to treatment assignment for the duration of
the study.
Intervention
Active treatment was 20,000 IU vitamin D3 (cholecalcif-
erol) once a week, administered as a capsule of Dekristol
TM
(Mibe GmbH Arzneimittel, Brehna, Germany). Identical
placebo capsules were provided by the manufacturer of
Dekristol
TM
(SWISS CAPS AG, Kirchberg, Switzerland).
Participants were allowed to continue vitamin D supple-
ments they used at baseline. All participants received
500 mg elemental calcium daily, administered as a chew-
able tablet of Weifa Kalsium
TM
(calcium carbonate, Weifa
AS, Oslo, Norway). Participants who had gastrointestinal
side effects attributed to Weifa calcium discontinued the
calcium supplement if they had an estimated dietary cal-
cium intake of C800 mg/day. If calcium intake was lower,
they switched to Calcium Sandoz
TM
effervescent tablets
(calcium lactate-gluconate and calcium carbonate, Sandoz
A/S, Odense, Denmark) which were better tolerated.
Adherence and safety
The participants were offered a reminder to take the study
medication by weekly SMS. Adherence to study medica-
tion was evaluated by capsule counting (Adherence
(%) = (number of capsules consumed/number of capsules
that should have been consumed) 9 100). The participants
were considered adherent if they had taken at least 80% of
the study medication. Participants were educated about
clinical signs of hypercalcaemia, and ionised serum cal-
cium was determined every 12 weeks. Adverse events
were assessed every 12 weeks by phone, at study visits
weeks 48 and 96, and in case of hospital admissions.
Serious adverse events and unexpected medical events
were reported to the Norwegian Medicines Agency and to
the Ethical Committee.
Data collection
Study visits were conducted at the University Hospital of
North Norway (Clinical Trial Unit and Department of
Neurology).
Clinical examination
M.K., L.H.S. or S.I.M. performed a full physical exami-
nation and complete neurological status from which
Kurtzke’s Expanded Disability Status Scale (EDSS) was
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determined at each study visit [21]. Standing height and
body weight were measured with participants wearing
lightweight clothing and no shoes.
Dual-energy X-ray absorptiometry (DXA)
Measurement of BMD at the hip (mean of left and right
total hip), the spine (anterior–posterior spine L1–L4), and
the non-dominant ultradistal (UD) radius by DXA was
performed by trained technicians using a Lunar Prodigy
advanced densitometer (Lunar Radiation Corp., Madison,
WI, USA.). The long-term precision was 0.26–0.28%,
obtained by daily calibration of the densitometer.
Blood tests
Every 12 weeks, routine blood tests including ionised
calcium were performed. Serum was collected for mea-
surement of 25(OH)D. At week 96 serum testosterone and
sex hormone-binding globulin (SHBG) were measured in
men and FSH in women. FSH values of C40 IU/L were
defined as a marker for perimenopause [16, 32]. All labo-
ratory tests except serum 25(OH)D, were performed at the
Department of Clinical Chemistry, University Hospital of
North Norway. Batch analysis of serum 25(OH)D con-
centrations by mass spectroscopy [15] was performed at the
Hormone Laboratory, Haukeland University Hospital,
Bergen, Norway.
Outcomes
We assessed the effect of the intervention on percentage
change in BMD at the hip, the spine, and the UD radius
over the 96 week study period. Occurrence of fractures was
registered every 3 months. Analyses were carried out
according to a pre-established analysis plan. The modified
intention-to-treat population included all participants who
had received at least one dose of the study medication and
Patients identified by chart review and invited to participate (November 2007, n=153)
66 excluded 
• 53 did not respond or declined to participate
• 13 did not meet inclusion criteria
Combined screening and baseline visit (January/February 2008, n=87)
16 did not meet inclusion criteria
71 randomized (April 2008)
35 allocated to vitamin D3 20,000 IU a week
and 500 mg calcium daily
36 allocated to a weekly placebo capsule
and 500 mg calcium daily
None lost to follow-up Three discontinued study medication before 
week 48 due to personal reasons.
One discontinued study medication at 
week 60 due to pregnancy
sisylana taert ot noitnetni ni dedulcni 33sisylana taert ot noitnetni ni dedulcni 53
Analysis
Allocation
Follow-up week 48 (February/March 2009, n=68)
Follow-up week 96 (January/February 2010, n=67)
Enrollment
Fig. 1 Flow of the participants through the study
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presented at one follow up visit. In the patient who dis-
continued the study medication because of pregnancy, the
last measurements (week 48) were carried forward.
Statistical analysis
Distribution and variance of BMD and vitamin D values
were assessed by appropriate tests. Interactions between
sex and treatment group were tested for. Differences in
baseline variables between the groups were assessed
by independent T-test for continuous variables and by
Chi-Square test for categorical variables. The main out-
come, percentage of change in BMD, was analysed by
independent sample T-test. Changes in BMD from baseline
to week 96 were analysed by paired samples T-test.
A preplanned multiple regression model included the
variables age, BMI, baseline BMD, baseline 25(OH)D,
percentage change in 25(OH)D, and perimenopausal FSH
values. Subgroup analyses were performed by sex and by
treatment group. All statistical analyses were conducted
using SPSS 16.0 for Windows. p values \0.05 were con-
sidered statistically significant.
Results
Figure 1 shows the flow of participants through the study.
Sixteen persons who were examined at the combined
screening and baseline visit did not fulfil the inclusion
criteria: EDSS [4.5 (5), history of nephrolithiasis (4),
lactating or planning pregnancy (4), primary progressive
MS (1), rheumatoid arthritis (1), and menopause (1). Of 71
persons who were randomised, 35 completed in the inter-
vention group (24 women, 11 men), and 33 completed in
the placebo group (24 women, 9 men). Three participants
withdrew from the study for personal reasons before the
first follow up examination.
Adherence to study medication use and adverse events
By capsule count, all subjects were C80% (mean 98%,
range 80–100%) adherent. One participant in the placebo
group discontinued the study medication at week 94
because of nephrolithiasis. One participant in each treat-
ment arm experienced an unexpected medical event that
was not related to the study medication.
Baseline characteristics of study participants
Baseline demographic and clinical characteristics did not
differ between groups (Table 1).
BMD measurements
Table 2 shows BMD values at baseline, BMD at week 96,
and change in BMD over the study period. The values were
normally distributed. Analysis of variance (ANOVA)
showed no interactions between treatment group and sex.
Percentage change in BMD did not differ between partic-
ipants who had received vitamin D3 and those who had
received placebo. This result was not altered by adjustment
for baseline serum 25(OH)D or change in serum 25(OH)D
over the study period. At the hip, BMD decreased by 1.4%
in the placebo group (95% CI -2.3 to -0.4, SD 2.7,
p = 0.006) and by 0.7% in the treatment group (95% CI
-1.6 to 0.2, SD 2.7, p = 0.118). Women in the placebo
group had the highest bone loss at the hip. This result
persisted when women in presumed late menopausal tran-
sition (FSH C40 nmol/L) at the end of the study were




* As described earlier [35]
Placebo n = 33 Vitamin D3 n = 35
Sex (% women) 72.7 68.6
Age (years), mean (range) 41.0 (26–50) 39.7 (21–50)
BMI (kg/m2), mean (range) 26.4 (18.4–39.9) 25.9 (21.0–40.7)
Duration of MS from first symptom,
years, mean (range)
10.0 (2.0–26.0) 10.9 (1.0–27.0)
EDSS, median (range) 2.0 (0–4.5) 2.5 (0–4.5)
Intravenous methylprednisolone*
Ever treated (%) 39.4 37.1
Cumulative dose (g), mean (range) 7.9 (3.0–33.0) 13.8 (3.0–43.0)
Disease modifying treatment* interferon beta (%) 45.5 45.7
Vitamin D intake as recommended*
(C7.5 lg from diet and supplements), %
57.6 48.6
Calcium intake as recommended*
(C800 mg from diet and supplements), %
39.4 40.0
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by 0.1% (95% CI -1.3 to 1.2, SD 3.6), and 0.3% (95% CI
-1.2 to 0.7, SD 2.7) and at the UD radius an increase by
1.3% (95% CI -0.7 to 3.3, SD 5.7) and 2.3% (95% CI
0.3–4.2, SD5.7). BMD at the hip in women was the only
baseline characteristic that differed between treatment arms
(mean (SD), placebo: 965 mg/cm2 (132), vitamin D3:
1,039 mg/cm2 (80), p = 0.023). No fractures occurred
during the study period.
Intercorrelations among independent variables
There were no significant associations between percentage
change in BMD and possible predictors of BMD (sex, age,
BMI, baseline BMD, baseline serum 25(OH)D, change
serum 25(OH)D, serum testosterone in men at week 96,
and EDSS). Percent change in BMD indicated significantly
higher bone loss in women with FSH values C40 IU/L
indicating perimenopause, compared with women with
FSH \40 IU/L: hip FSH C40 IU/L: -4.4% (SD 2.3), hip
FSH \40 IU/L: -0.7% (SD 2.3), difference -3.7%, 95%
CI -1.7 to -5.7, p \ 0.001; spine FSH C40 IU/L: -3.5%
(SD 3.0), spine FSH \40 IU/L: 0.2% (SD 2.8), difference
-3.7%, 95% CI -1.3 to -6.1, p = 0.003; UD radius FSH
C40 IU/L: -2.3% (SD 4.5), UD radius FSH \40 IU/L:
2.5% (SD 6.0), difference -4.8%, 95% CI -0.1 to -9.6,
p = 0.047. Baseline serum 25(OH)D did not differ
between sexes and did not correlate with BMI or age.
Blood tests
Table 3 shows values of serum 25(OH)D and ionised cal-
cium at baseline and at week 96. An unexplained decrease
of serum 25(OH)D occurred in one participant treated with
vitamin D3 (from 127 nmol/L at baseline to 48 nmol/L at
week 96). All measured values of PTH and ionised calcium
were within the respective reference ranges (1.1–6.8 pmol/L
and 1.10–1.34 mmol/L). ALP values were unchanged. FSH
in women and testosterone and SHBG in men did not differ
between groups. At week 96, seven women (five in the
placebo group and two in the vitamin D3 group) probably
were (peri) menopausal, having FSH values C40 IU/L.
Discussion
A weekly dose of 20,000 IU vitamin D3 administered for
96 weeks did not affect BMD in fully ambulatory persons
with MS age 18–50. Findings did not vary by sex and were
not altered after adjustment for serum 25(OH)D. Optimal
25(OH)D levels of C75 nmol/L were reached in 32 out of
35 participants who received vitamin D3.
Serum 25(OH)D levels, at least up to 75 nmol/L, are
strongly associated with higher BMD in young, healthy
individuals [5]. There is also good evidence that vitamin D
supplementation increases 25(OH)D concentrations and
improves bone health [6, 11]. A meta-analysis concluded
that the effect of vitamin D supplementation on bone health
was greater in persons with low (\25 nmol/l) serum
25(OH)D than those whose serum level was normal [36].
Only three individuals in the intervention group of this
study were overtly vitamin D deficient at baseline
(25(OH)D \25 nmol/L), and participants were allowed to
continue vitamin D supplements they used at baseline, both
of which could have contributed to the negative findings in
this trial. In women, baseline BMD at the hip was signif-
icantly higher in the intervention than in the placebo group,
Table 2 Bone mineral density
(BMD) at baseline and at week
96, and change in BMD
* Change in BMD significantly
different from zero, p \ 0.05
Placebo
n = 33, mean (SD)
Vitamin D3
n = 35, mean (SD)
Difference (95% CI) p-value
Total hip
BMD (mg/cm2) baseline 969 (120) 1,019 (99) -50 (-103 to 3) 0.064
BMD (mg/cm2), week 96 956 (124) 1,012 (106) -56 (-112 to 0) 0.050
BMD change (mg/cm2) -13 (25) -7 (27) -6 (-18 to 7) 0.361
BMD change (%) -1.4* (2.7) -0.7 (2.7) -0.7 (-1.9 to 0.7) 0.332
Lumbar spine
BMD (mg/cm2), baseline 1,166 (136) 1,205 (118) -39 (-101 to 22) 0.203
BMD (mg/cm2), week 96 1,165 (143) 1,202 (121) -37 (-101 to 27) 0.255
BMD change (mg/cm2) -1 (42) -3 (31) 3 (-15 to 21) 0.769
BMD change (%) -0.1 (3.6) -0.3 (2.7) 0.2 (-1.3 to 1.7) 0.793
UD radius
BMD (mg/cm2), baseline 473 (81) 485 (67) -12 (-48 to 24) 0.503
BMD (mg/cm2), week 96 479 (85) 496 (73) -17 (-55 to 22) 0.395
BMD change (mg/cm2) 6 (26) 11 (28) -4 (-17 to 9) 0.501
BMD change (%) 1.3 (5.7) 2.3 (5.7)* -1.0 (-3.7 to 1.8) 0.506
1628 J Neurol (2011) 258:1624–1631
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which may also have influenced the result of the study. The
major limitation of this study, however, is the small num-
ber of participants. Data from BMD measurements in a
comparable group of persons with MS were not available
when the trial was planned. Based on change in BMD from
this study, a trial with approximately 250 persons in each
treatment arm would have been needed to confirm or reject
the hypothesis that a weekly dose of 20,000 IU vitamin D3
administered for 96 weeks prevents bone loss in persons
with MS (two tailed test, power 80%, risk of type I error
5%, drop out rate 10%).
Supplementing 20,000 IU vitamin D3 per week
increased serum 25(OH)D by 68 nmol/L, and 32 out of 35
participants in the intervention group reached desired vita-
min D levels of C75 nmol/L. The study medication was
tolerated without clinical or biochemical side effects, and
even higher doses of vitamin D3 are probably safe [7, 33].
Supplementation with vitamin D can be achieved equally
well with daily as with weekly dosing frequencies [9].
At baseline, one quarter of our study population had
lower than expected BMD for sex and age [35]. Over the
96 week study period, BMD at the hip decreased in both
treatment arms, the change being statistically significant in
the placebo group. This finding indicates that MS may be a
cause of secondary osteoporosis. In healthy individuals,
studies have reported no significant bone loss at the hip in
women before the perimenopausal years [2, 3, 8, 18, 25,
32], while men may or may not have a small bone loss
before age 50 [2, 14, 18]. The general bone loss at the hip,
a weight bearing site, may result from decreased physical
activity even in fully ambulatory persons with MS [30],
due to fatigue, visual problems, and impaired balance. We
observed no change in BMD at the lumbar spine. This
finding is in agreement with two recent studies reporting
unchanged BMD at the lumbar spine over a period of
respectively 96 weeks and 39 months in interferon beta-
treated persons with MS [31, 34]. At the non-dominant UD
radius, BMD increased significantly in the intervention
group, but not in the placebo group. In healthy individuals,
BMD at this site has been reported to be stable or
increasing up to age 40 in both sexes [8, 13, 18]. BMD at
the UD radius, especially in the non-dominant arm, is not
dependent on weight bearing activity and therefore is likely
to be less affected by mild to moderate MS-related
disability.
No fractures occurred during this study, while 22% of
more disabled persons with MS experienced low impact
fractures during a 2-year observation period in another
study [10].
The strengths of this study are its double-blinded, pop-
ulation-based design and its long follow-up. All eligible
persons with MS from a homogeneous and stable popula-
tion in a defined geographical area who were willing to
participate were included. Only three out of 71 participants
were lost to follow-up and adherence to treatment was
excellent. Confounding by seasonal variations in 25(OH)D
and BMD was avoided by conducting study visits at the
end of winter. We included both women and men, because
we considered it relevant from a clinical point of view, but
there are considerable sex differences in bone metabolism,
and findings in a mixed population must be interpreted with
care.
Multiple sclerosis (MS) is the most common disease that
causes neurological disability among young Caucasians,
onset being before age 30 in half of the patients. Persons
with MS gradually experience reduced muscle strength,
problems with balance and coordination, vision problems
and fatigue, all of which are likely to result in limited
opportunity for high-impact physical activity, also early in
the course of the disease, and thus interfere with mainte-
nance of good bone health. Evidence is accumulating that
hypovitaminosis D may play a role in the aetiology and
pathogenesis of MS [28], which by itself might put persons
with MS at risk of low peak bone mass. We also found that
bone loss at the hip was higher than expected in healthy
individuals.
Supplementation with vitamin D and calcium are the
basis of osteoporosis prevention and treatment. Given that
Table 3 Serum 25(OH)D and
ionised calcium at baseline and
at week 96
** Significant change from











Mean (SD) 57.3 (21.8) 55.6 (29.0) 61.8 (25.2) 123.2** (34.2)
Range 17.9–101.0 19.9–143.0 19.1–106.0 47.5–205.0
Deficient (\25 nmol/L), % 9 9 12 0
Insufficient (25–49 nmol/L), % 33 45 24 3
Marginal (50 to \75 nmol/L), % 33 29 33 6
Optimal (C75 nmol/L), % 24 17 30 91
Ionised calcium, mmol/L, mean (SD) 1.2 (0.0) 1.2 (0.0) 1.2 (0.0) 1.2 (0.0)
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MS is a cause of secondary osteoporosis, vitamin D defi-
ciency in a person with MS would represent an additional
risk factor. Much larger studies are needed to assess whe-
ther optimising intake of vitamin D and calcium is bene-
ficial for bone health in persons with MS.
Acknowledgments We thank the patients for participating in the
study. At the University Hospital of North Norway, study nurses
Grethe Berg Johnsen and Marianne Røst (Department of Neurology)
and May Rokstad Solem, Elin Hanssen, and Trond Isaksen (Clinical
Trial Unit) performed measurements and function tests. Inger
Sperstad handled files (Clinical Research Centre). The Department of
Laboratory Medicine analysed blood samples and provided skilled
assistance and support throughout the study. Bjørg Alma˚s performed
25(OH)D measurements (Hormone Laboratory, Haukeland Univer-
sity Hospital, Bergen, Norway). The study received financial support
from the University of Tromsø, the Research Council of Norway, and
Odd Fellows Research Foundation for Multiple Sclerosis. Calcium
tablets were provided at self-cost by Weifa AS, Oslo, Norway.
Conflict of interest The authors declare that they have no conflict
of interest.
Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.
References
1. Ascherio A, Munger KL, Simon KC (2010) Vitamin D and
multiple sclerosis. Lancet Neurol 9:599–612
2. Berger C, Goltzman D, Langsetmo L, Joseph L, Jackson S,
Kreiger N, Tenenhouse A, Davison KS, Josse RG, Prior JC,
Hanley DA (2010) Peak bone mass from longitudinal data:
implications for the prevalence, pathophysiology, and diagnosis
of osteoporosis. J Bone Miner Res 25:1948–1957
3. Berger C, Langsetmo L, Joseph L, Hanley DA, Davison KS,
Josse R, Kreiger N, Tenenhouse A, Goltzman D (2008) Change in
bone mineral density as a function of age in women and men
and association with the use of antiresorptive agents. CMAJ
178:1660–1668
4. Bischoff-Ferrari HA (2007) How to select the doses of vitamin D
in the management of osteoporosis. Osteoporos Int 18:401–407
5. Bischoff-Ferrari HA, Dietrich T, Orav EJ, Dawson-Hughes B
(2004) Positive association between 25-hydroxy vitamin D levels
and bone mineral density: a population-based study of younger
and older adults. Am J Med 116:634–639
6. Bischoff-Ferrari HA, Willett WC, Wong JB, Stuck AE, Staehelin
HB, Orav EJ, Thoma A, Kiel DP, Henschkowski J (2009) Pre-
vention of nonvertebral fractures with oral vitamin D and dose
dependency: a meta-analysis of randomized controlled trials.
Arch Intern Med 169:551–561
7. Burton JM, Kimball S, Vieth R, Bar-Or A, Dosch HM, Cheung R,
Gagne D, D’Souza C, Ursell M, O’Connor P (2010) A phase I/II
dose-escalation trial of vitamin D3 and calcium in multiple
sclerosis. Neurology 74:1852–1859
8. Chapurlat RD, Garnero P, Sornay-Rendu E, Arlot ME, Claustrat
B, Delmas PD (2000) Longitudinal study of bone loss in pre- and
perimenopausal women: evidence for bone loss in perimeno-
pausal women. Osteoporos Int 11:493–498
9. Chel V, Wijnhoven HA, Smit JH, Ooms M, Lips P (2008) Effi-
cacy of different doses and time intervals of oral vitamin D
supplementation with or without calcium in elderly nursing home
residents. Osteoporos Int 19:663–671
10. Cosman F, Nieves J, Komar L, Ferrer G, Herbert J, Formica C,
Shen V, Lindsay R (1998) Fracture history and bone loss in
patients with MS. Neurology 51:1161–1165
11. Cranney A, Weiler HA, O’Donnell S, Puil L (2008) Summary of
evidence-based review on vitamin D efficacy and safety in rela-
tion to bone health. Am J Clin Nutr 88:513S–519S
12. Dawson-Hughes B, Heaney RP, Holick MF, Lips P, Meunier PJ,
Vieth R (2005) Estimates of optimal vitamin D status. Osteoporos
Int 16:713–716
13. Emaus N, Berntsen GK, Joakimsen RM, Fonnebo V (2005)
Longitudinal changes in forearm bone mineral density in women
and men aged 25–44 years: the Tromso study: a population-based
study. Am J Epidemiol 162:633–643
14. Emaus N, Omsland TK, Ahmed LA, Grimnes G, Sneve M,
Berntsen GK (2009) Bone mineral density at the hip in Norwegian
women and men-prevalence of osteoporosis depends on chosen
references: the Tromso Study. Eur J Epidemiol 24:321–328
15. Grimnes G, Almaas B, Eggen AE, Emaus N, Figenschau Y,
Hopstock LA, Hutchinson MS, Methlie P, Mihailova A, Sneve
M, Torjesen P, Wilsgaard T, Jorde R (2010) Effect of smoking on
the serum levels of 25-hydroxyvitamin D depends on the assay
employed. Eur J Endocrinol 163:339–348
16. Harlow SD, Crawford S, Dennerstein L, Burger HG, Mitchell ES,
Sowers MF (2007) Recommendations from a multi-study evalu-
ation of proposed criteria for staging reproductive aging. Cli-
macteric 10:112–119
17. Hearn AP, Silber E (2010) Osteoporosis in multiple sclerosis.
Mult Scler 16:1031–1043
18. Henry MJ, Pasco JA, Korn S, Gibson JE, Kotowicz MA, Nich-
olson GC (2010) Bone mineral density reference ranges for
Australian men: Geelong Osteoporosis Study. Osteoporos Int
21:909–917
19. Holick MF (2007) Vitamin D deficiency. N Engl J Med
357:266–281
20. Kampman MT, Steffensen LH (2010) The role of vitamin D in
multiple sclerosis. J Photochem Photobiol B 101:137–141
21. Kurtzke JF (1983) Rating neurologic impairment in multiple
sclerosis: an expanded disability status scale (EDSS). Neurology
33:1444–1452
22. Lanham-New SA (2008) Importance of calcium, vitamin D and
vitamin K for osteoporosis prevention and treatment. Proc Nutr
Soc 67:163–176
23. McDonald WI, Compston A, Edan G, Goodkin D, Hartung HP,
Lublin FD, McFarland HF, Paty DW, Polman CH, Reingold SC,
Sandberg-Wollheim M, Sibley W, Thompson A, van den NS,
Weinshenker BY, Wolinsky JS (2001) Recommended diagnostic
criteria for multiple sclerosis: guidelines from the International
Panel on the diagnosis of multiple sclerosis. Ann Neurol
50:121–127
24. National osteoporosis foundation. Clinician’s guide to preven-
tion and treatment of osteoporosis. Available at: http://www.
osteoporosisnews.org/professionals/pdfs/NOF_ClinicianGuide
2009_v7.pdf. Revised January 2010. Accessed February 01, 2011
25. Neer RM (2010) Bone loss across the menopausal transition. Ann
N Y Acad Sci 1192:66–71
26. Nieves J, Cosman F, Herbert J, Shen V, Lindsay R (1994) High
prevalence of vitamin D deficiency and reduced bone mass in
multiple sclerosis. Neurology 44:1687–1692
27. Ozgocmen S, Bulut S, Ilhan N, Gulkesen A, Ardicoglu O, Ozkan
Y (2005) Vitamin D deficiency and reduced bone mineral density
in multiple sclerosis: effect of ambulatory status and functional
capacity. J Bone Miner Metab 23:309–313
1630 J Neurol (2011) 258:1624–1631
123
28. Pierrot-Deseilligny C, Souberbielle JC (2010) Is hypovitaminosis
D one of the environmental risk factors for multiple sclerosis?
Brain 133:1869–1888
29. Poole KE, Compston JE (2006) Osteoporosis and its manage-
ment. BMJ 333:1251–1256
30. Pugliatti M, Riise T, Nortvedt MW, Carpentras G, Sotgiu MA,
Sotgiu S, Rosati G (2008) Self-perceived physical functioning
and health status among fully ambulatory multiple sclerosis
patients. J Neurol 255:157–162
31. Ravnborg M, Sorensen PS, Andersson M, Celius EG, Jongen PJ,
Elovaara I, Bartholome E, Constantinescu CS, Beer K, Garde E,
Sperling B (2010) Methylprednisolone in combination with
interferon beta-1a for relapsing-remitting multiple sclerosis
(MECOMBIN study): a multicentre, double-blind, randomised,
placebo-controlled, parallel-group trial. Lancet Neurol 9:672–680
32. Recker R, Lappe J, Davies K, Heaney R (2000) Characterization
of perimenopausal bone loss: a prospective study. J Bone Miner
Res 15:1965–1973
33. Sneve M, Figenschau Y, Jorde R (2008) Supplementation with
cholecalciferol does not result in weight reduction in overweight
and obese subjects. Eur J Endocrinol 159:675–684
34. Sorensen PS, Mellgren SI, Svenningsson A, Elovaara I, Freder-
iksen JL, Beiske AG, Myhr KM, Sogaard LV, Olsen IC,
Sandberg-Wollheim M (2009) NORdic trial of oral Methylpred-
nisolone as add-on therapy to interferon beta-1a for treatment of
relapsing-remitting Multiple Sclerosis (NORMIMS study): a
randomised, placebo-controlled trial. Lancet Neurol 8:519–529
35. Steffensen LH, Mellgren SI, Kampman MT (2010) Predictors and
prevalence of low bone mineral density in fully ambulatory
persons with multiple sclerosis. J Neurol 257:410–418
36. Tang BM, Eslick GD, Nowson C, Smith C, Bensoussan A (2007)
Use of calcium or calcium in combination with vitamin D sup-
plementation to prevent fractures and bone loss in people aged
50 years and older: a meta-analysis. Lancet 370:657–666
37. Terzi T, Terzi M, Tander B, Canturk F, Onar M (2010) Changes
in bone mineral density and bone metabolism markers in pre-
menopausal women with multiple sclerosis and the relationship to
clinical variables. J Clin Neurosci 17:1260–1264
38. Tuzun S, Altintas A, Karacan I, Tangurek S, Saip S, Siva A
(2003) Bone status in multiple sclerosis: beyond corticosteroids.
Mult Scler 9:600–604
39. Weinstock-Guttman B, Gallagher E, Baier M, Green L, Feichter
J, Patrick K, Miller C, Wrest K, Ramanathan M (2004) Risk of
bone loss in men with multiple sclerosis. Mult Scler 10:170–175
J Neurol (2011) 258:1624–1631 1631
123
